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‘ SLS at the Paul Scherrer Institute (PSI), Villigen, Switzerlandl

Swiss Light Source

http://sls.web.psi.ch/
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‘ Introduction - SLS Layout'

e Pre-Injector Linac
— 100 MeV

e Booster Synchrotron
— 100MeV —2.4(7)GeV @ 3Hz % ;;;”;;;;.}; _____ TEO
— ¢, =9 nm rad |

% ators
“i’» " #
D ‘EM_. Y w"ﬁS

agnosﬁcs;y" o
A
?‘d& **

“Materials Seiences ;

e Storage Ring
— 2.4 (.7) GeV, 400 mA
+ =5.1(7.3) nmrad (FEMTO)

e Ten Beamlines:
MS —4S, uXAS / FEMTO -5L,
DIAG —5D, PX —6S,
LUCIA —7M, SIS-9L,
PXIl —10S SIM —11M, 7/
TOMCAT - 2DA, POLLUX — 7DA T
\ NSLS-II Stability WS /

Michael Bogemw 3



50

Design and Performance of the Global Fast Orbit Feedback atite SLS

SWISS LIGHT SOURCE mm

LS

-

‘ Introduction - Booster Desig:'

— 3 FODO arcs with 48 BD (+SD) 6.44T@&nd 45 BF (+SF) 1.1296
— 3 x 6 Quadrupoles for Tuning, 54 BPMs 254 Correctors

—4 15 mmx £ 10 mm Vacuum Chamber

— Energy:100 MeV — 2.7 GeV, Repetition Rate3 Hz, Circumference270 m
— Magnet Power205 kW, ¢, @ 2.4 GeV:9 nm rad

Maximum Energy GeV 2.7
Circumference m 270
Lattice FODO with 3

straights of 8.68 m

Harmonic number (15x30=) 450

\ NSLS-I} Stability WS

Storage RF frequency MHz | 500
Ring Peak R F voltage MV | 0.5
Injection Q % Maximum current mA 12
Maximum rep. Rate Hz 3
Booster Tunes 12.39/8.35
Injection Chromaticities -1/-1
Momentum compaction 0.005
Equilibrium v alues & 2.4 GeV
— Emittance nm rad 9
1 10 1520 2 Radiation loss keVv/turn 233

Energy pread, rms 0.075 %
Partition numbers (X,¥,) (1.7,1,1.3)
Damping times (X,¥) | ms (11, 19, 14)

\
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Introduction - Storage Ring (SR) Desig:'

Beta functions [m] Dispersion [m]

o 12 TBA: 8 /14° /8° I
y
e 12 Straight Sections: s0f— A 5 /\ 02
— 3 x 11 m(nL) 2 \, / \ \ / \ A o
+ Injection,2x UE212W128,U19 A A / \ / \ /\ /\ / \ /\
10 A -0.2
— 3 x 7m(nM) S U v U v
x+ 2x UE56, UE54 . U . \

00 T A (TBA 8-14-8) "Tarc (TBA 8-14-8) 8_0'4
— 6 x4m(nS)

Energy [GeV 2.4 (2.7

* 2xX RF, W61, 2xU19 Circumference [m 88
RF frequency [MHZz 500

. Harmonic number (&3x5 =) 480

o Energy. 2.4 (7) GeV Peak RF voltage [M 2.

. Current [mA] 400

® ¢,..5.1 (73) nm raC(Wlth W128) Single bunch current [mA] <10
Tunes 20.38/8.1

e Current:350 mA (400 mA) Natural chromaticity —66 / =2]
Momentum compaction 0.00064

. ) Critical photon energy [keV] 5.

® Clrcumference. 288 m Natural emittance [nm raH] 5.0

. Radiation loss per turn [keY] 51

e Tune:20.43/ 873(FEMTO OptICS) Energy spread (18 0.9
Damping times (h/v/l) [mg] 9/9/4}

\ e Natural Chromaticity=66/ -21 Bunch length [mm) | 3.5

NSLS-II Stability WS /
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Introduction - SR Lattice Errors - Error Specifications & Dynamic Acceptance'

Dipole (2.4 GeV, 1.4 T) Quadrupole (max. gradient) Dynamic acceptance with physical limitations
R= 20 mm R= 30 mm
Multipole n B, (R)[T] BJBi(R) bubi[m"™ Multipole n  BuB;(R) bubs [m*"] . . A St
. Streun
Dipole 1 1.39797 1 1 Dipole 1 0 0 30 — without multlpoles
Quadrupcle 2 5.77E-06 4.13E-06 2.06E-04 Quadrupole 2 1 1
Sextupole 3 -1.20E-04 -8.57E-05 -2.14E-01 Sextupole 3 0 0 s Ax (ideal magnets)
Octupole 4 1.02E-06 7.30E-07 9.12E-02 Octupole 4 1.00E-05 1.11E-02
Dekapole 5 B864E-05 6.18E-05 3.86E+02  Dekapole 5 0 0 o5 | [---m-- Ax (with multipoles) .
Dodekapole 6 0 0.00E+00  0.00E+0O0 Dodekapole 6  3.00E-04 3.70E+02 ‘=-g
14-pole 7 -B.25E-06 -5.90E-06 -9.22E+04  14-pole 7 0 0 —0— Ay (ideal magnets) with multipoles
16-pole 8 4.00E-05 5.49E+04 «--@--- Ay (with multipoles)
. 18-pole 9 0 0 =
multipole errors kosapole 10 800E05 1226408 § 20T
£
dipole =®'® quadrupole®®® E
- 0, @
1.0E-04 + 0.01% 4.0E-04 0.04% g
8.0E-05 + 3.5E-04 L T
o
6.0E-05 ofg| 30E04 T 3 is
0.006% 25E-04 1 0.03% g 10
4.0E-05 + b
20805 + HOE0T: #
e ‘ 15E-04 4
o s BN 2 2 || roeme °T
5 5|22 8 8 % 5.0E05 + i
sl ERE s dynamic acceptance [mm mrad]
& 0.0EH
-6.0E-05 + N c 0 | | | | | | | | |
BOROS T -0.008% 6 -5 -4 3 -2 -1 0 1 2 3 4 5 6
-1.0E-04 L
dplp [%]

Specified alignment tolerances (RMS, Gaussian with cub@®?2

e Girders 300um (100 urad),Girder joints 100 m (girder to girder)

\ e Magnets on girders30 um (25 prad) (with respect to magnetic center)

NSLS-II Stability WS . . j
Michael Bogem 6
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Introduction - SR Lattice Errors - “Bare Orbit” I

s measurement
T T T T
0.050 mm displacement
0.030 mm displacement --------
20 |
2 15 |
(7]
Q
12 Wavefo: % 2048
5 /
9] =
2 1wr il Z=f fHE fmc sme med = =
I O T R B sEr Tiarn
4
5| 1l d.A MM — I
R i Fy i ¥ V
-
““““ =
7
0 L ase*2pi
0 6 8 10 12 phasems fredl
[mm] avoorn maox [ (R T PR G 2 e & @ R o

e Right/Top: Horizontal Orbitzga 5= 1.8 mm
e Right/Bottom: Vertical Orbityz;s= 0.7 mm

e Left: Consistent with quadrupole displacements o B RMS (simulation
for 200 seeds)

\ NSLS-Il Stability WS - - /
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\ NSLS-I} Stability WS

‘ Introduction - SR BPM/Corrector Layout I

+,Ba5E8 @% - 188 88580 (5 o

o w i
Dipole
e Quadr& /

Horizontal /Vertical Correctors

BPMS

+1 BPM/Correc tors
for FEMTO straight &

e 12sectors
e 6 BPMsand 6Horizontal\ertical Correctors pesector
e Correctorsin , BPMsadjacent tadQuadrupoles

e +1 BPM/Correctors set for 5L (FEMTO) straight

\
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Introduction - SR Lattice Errors - Sources of Vertical Dispersion'

0.015 T 40 . ; T T T
q ?grrrL:eFr):t(l)rs — quadrupoles+correctors ry,s ——
otal guads+correctors guadLpoles eomectors fymean
35 al Nymean -
0.01 ! ; correctors
A i ! — 30t ) quads co+qu 1.25198e-03+/-4.59177e-04 |
0.005 L j - y ; | ‘ \ i _ total 2.88592¢-03+/-1.02626e-03
' ) : . IRV i ; 25 F | i
I i | \/ VW Mﬂ AW a S %) i o
! : (\(\ M “v\ I\ /V '\\ v A : K Awi iy b i
R, RAN AT TRY  VIAVi VY v\W_\ § ; 1 | measurement
= f \ A ‘ S 20t N E
= - o p/ :U\A / “\/ |/ 1/1\‘“ ,\ i b4 z . \ i
' WA T\ T WY 2 T 3 Dy~ (4.5 mm
| S| W ‘WN Voo El L |
Y ig [ i 15 : : i g
-0.005 \ :
?’ —! LT ]
-0.01
5 3 R
-0.015 0 I I 1 | i —‘ L 3 1 i 1 3 i
0 50 100 150 200 250 300 -0.001 0 0.001 0.002 0.003 0.004 0.005 0.006
s fml Nurms @Nd Mymean [M]

e Left: Dispersion waves from quadrupoles and correctorstiphase if
BPM-quadrupole errors are smait$0 um RMS) (— Beam-Based
Alignment) after correction to quad centers

e Main contribution to dispersion from sextupoles througtabren coupling
(simulation for 200 seeds)

\ NSLS-II Stability WS . - /
Michael Bogem 9




SWISS LIGHT SOURCE ®™

(== Design and Performance of the Global Fast Orbit Feedback atite SLS SIS

4 )

Introduction - SR Lattice Errors - Betatron Coupling I

80

. . sex'tupoles, tilt, no corr -~ 0. 9() [T e
70 emittance coupllng ; SelmeJO'et_S& tilt, corr -
i sextupoles, no tilt, no corr - 1 3 i
sextupoles, no tilt, corr r betatron coupllng
6oL MO sextupoles no sextupoles, tilt, no corr | measurement Qx
no sextupoles, tilt, corr -~ 0.151 Qv e
8 no sextupoles, no tilt r —_— ]
@ 50 -+ P
3 : . ar
Y= o wn o OX
° 40 [ 2 G 1(3, —
@ 5
g . [
g 30 - = - . & \ \.
i il 0.05F 1
20 s '\ T 40 min = 0.007
[z} £ M . ‘ y& A
10 | with standard " ‘ X * . — _
misalignments “Pos e, . U k3N 0.00L | | .
MR . e R epys s ap AT L, T,

0.010 0.020 0.030 0.040 0.030 0.060

0.0001 0.001 0.01 TSET dOx

emittance ratiok

e Betatron coupling: dQ=0.007
— Emittance coupling in absence of spurious vertical dispar$.2%
(Guignard)

e Left: Emittance coupling after betatron coupling correatwith skew
guadrupoless 0.1% (simulation for 200 seeds)

\ NSLS-II Stability WS . - /
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Introduction - SR Lattice Calibration - Beta Functions.

174 Quadrupoles with Individual PS 20| : |

NN 25

Gradient Correction:

e Procedure: N :

1. Measure< 3; > fori=1..174 = [ 400
ov = —ﬁ ffﬁ(s)ék(s)ds : | ]D: L%D 5%D T
Precisioni~ 1.5/ 1.0% ol . T L measuremen | o

2. Fit Errorsok; to < 3; > (SVD) 2 |

3. Correct< 3; > with -0k; |

4. Measure< 3; > again

average betay [m]

e Results:
— Horizontal 5 Beat:~ 4 %
— Vertical 3 Beat:~ 3 %

\ NSLS-I} Stability WS
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FOFB - Motivation - Ground Noise Measurement in 1993

[ 1.259%e-07 l ! ! Y !

1 1 i 1 [ 0 ' . ' ' ' .
130 nm time domain
I e | :
N i S HED!
P
o
~1.4149e-07
3.1517e-07
o
o J 2
E
ERes
-2.6076e-07
4,7799e-07
o~
7 3
@
a 4
-5-4493E-°7L| By Ak e B by o 1
0.0 B 5.0 10.0 15.0 20.0 25.0
o ogrTt TIME [sec] i
1.0115e-07 = TRt T Tod T5F T T T & T RO 4 1
frequency domain
1o NS 100 nm
i | (4)
i
‘ﬂ.
i 3.B19Be-13 1 e § s 14 gl Ll
2.70780-07 P ! T I I S e (R
i EW
o (5)
-
n
[
2,9486e-13 ]
2,6459e-07 3
Foy Vertical
I \/\ ()
-t
n
o}
0%
4.676%e-13 IR Ty 1 :
0.01 0.1 1 100
0.01 Hz Measurement 1993  FREWUENCY ([Hz] 7100 Hz

\ NSLS-II Stability WS . . /
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= Design and Performance of the Global Fast Orbit Feedback atite SLS LS

‘ FOFB - Motivation - User Requirements & Worst Case Estimatﬂ

o 5,=14m3,=0.9matID position of section 8 —
o, =84pum, o, =7 pmassuming emittance coupling/e, =1 %

e With stability requirementAc = 0.1 x ¢ —

Requirement: Orbit jitter <1 um at insertion devices

Worst case Noise estimate 30 60 Hz
Seismic measurements 300 30 nm
Damping by hall's concrete slab neglected
Girder resonance max amplification <10 <10
Closed orbit amplification hor./vert. 8/5 25/5

—  Maximum Orbit jitter hor./vert 24/15 7.9/1.5 um
Attenuation by orbit feedback =55 =35 dB

— Maximum Orbit jitter hor. /vert. 40/30 130/30 nm

\ NSLS-II Stability WS /
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\ NSLS-I} Stability WS

FOFB - Measured Short Term Noise Sources in 200'

\

f[Hz] | Noise Source Vertical orbit amplification factor A, for planar waves:
30E j j . T =
3 booster Stray flelds <z‘25§ 10 Hz 60 Hz 90 Hz - \fl\'(ljthUt ?lrder - / v.\é
12.4 helium-refrigerator S15E |vy=873(15H) a0
15-50 | girder resonances S G
- 5 oF ‘ ‘ with girder 3
50 power supplles&pumps 0 50 100 150 200
10* ' ' ' ' ' ground wave frequency (c=500 m/s) [Hz]
YT girder response Vertical orbit PSD (1-60 Hz) without and with orbit feed-
_ back @ BPM (3,=18 m):
NE 102 1'4 vertical cumulated vibration spectru'm i i T
£ 1.2} T[=fma S U — FOFBoff || . J5]. ...
= i~ 28 -=-+ FOFB on ?
« 10 T 1 P T R A T N | IO AU
o ol Ng 08'?? T e Integrated S I A
ground o RMS noise |||
ower spectrum o . .
107 ; P . . . . € 0.4} s ] S 17|Jm ........... 30 H [ R
0 10 20 30 40 50 © :frequency [H - Girder Resonances "
Frequency [ Hz ] 0.2}, y— ................... ; ] ............ . ',“ ___________
. . . ) ol | N o ) 5
Vertical vibration PSD (1-55 Hz_) 0 7o 50 0 20 =D 50
measured on the slab and a girder frequency [HZ]

(Redaelli et al.).

— Integrated RMS motion o, only ~=0.4um -4 /3, !

/
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(== Design and Performance of the Global Fast Orbit Feedback atite SLS SIS

| FOFB - T&S - Orbit Correction Schemes'

e Sliding Bump - Phase advances betwe€arrectord)® < A¢ < 180°, Correctors 1,2,allow
to zero the orbit iBPM 2 nearCorrector 2 1 opens “Orbit Bump”2 provides kick for3 to
close it again. Continue (“Slide”) wit,3,4to zero orbit inBPM 3.... iterate until orbit is
minimized in allBPMs!

Corrector BPM AD< 180 deg
L3
WHW
2 3 4
1
g
Orbit Bump

e MICADO - Finds a set of “Most Effective Correctors”, which minimitee RMS orbit in all
BPMsat a minimum (“most effective”) RME orrectorkick by means of the SIMPLEX
algorithm. The number aforrectorq= iterations) is selectable.

e Singular Value Decomposition (SVD) Decomposes the “Response Matrix”

Aij = 2—% cos [Tv — |¢; — ¢;|] containing the orbit “response” BPM i to a change of
Corrector jinto matrices/, W,V with A = U =« W « V1. W is a diagonal matrix containing
the sorted Eigenvalues ¢f. The “inverse” correction matrix is given by

A=l =V % 1/W x« U'. SVD makes the other presented schemes obsolete !-)

\ NSLS-II Stability WS . . /
Michael Bogem 15
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FOFB - T&S - Response I\/Iatricej

Ag; = 2% oy — | ¢y — ¢yl = (U« W« V1),

2 sin v

e 1, =20.43 &3 BPMs/Correctors per unit phase= 360°)
e 1, =8.73 &9 BPMs/correctors per unit phase)

\ NSLS-II Stability WS . - /
Michael Bogem 16
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FOFB - T&S - Inverse Response I\/Iatricej

72 hcm

72 vem

vem index

° A,L._j1 is a sparsettidiagonal” matrix (3 large (+1 small) adjacent coefficients are nonz@nce
BPM and Corrector positions are slightly different)
—"“Sliding Bump Scheme” iteratively invertd

° A,L._jl containgglobal information although it is attidiagonal” matrix !
— Implementation of a Fast Orbit Feedba€&lOFB)

\ NSLS-II Stability WS . . /
Michael Bogem 17
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(== Design and Performance of the Global Fast Orbit Feedback atite SLS SIS

4 )

FOFB - T&S - Inverse Measured Response Matrice'

72 hcm

72 vem

hcm index

e Horizontal 3 Beat:~ 4 %
e \ertical 7 Beat:~ 3 %

— A(real);jl IS still a sparsettidiagonal” matrix plus some noise

\ NSLS-II Stability WS . - /
Michael Bogem 18
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‘ FOFB - T&S - SVD Eigenvalueil

e Range of Eigenvalugs.5 < W < 500

\ NSLS-I1 Stability WS

index of wlindex]

1000 r T T T T T
| | 3 3 horbit ~——----
; ; ; ; WV -
\ : : : : : : vorbit
kb ! ! ! !
= | f f f f
) ke | | | |
= : Sk : : :
-?U | | ***%%& | |
= : *****%x%% %%%%%%%% S
£ 1 ﬁ%’é;x’ T A E i kIR T
= N | | | ; ;
3 BN ; ; : : ; :
5 N g ‘ : ‘ ‘ ‘
= N o : ‘ ‘ ‘ ‘
g AR : & : : : :
E 01 o \\x\\\ i g : : :
E Ty ‘ B ] ]
| Frng : 5 |
i R =R : i
i i i i LT 8. - |
OO R Tt S tx B SR
v \\\\ D
| ¥
0.001 Il Il Il Il Il Il Il
10 20 30 40 50 60 70 80

e Eigenvalue Cutoff @g (W; = 0 for ¢ > ig) determines the minimum achievable RMS Orbit
and Corrector Strength after Correctien “MICADQ?” like: the largest Eigenvalues correspond
to the “Most Effective Corrector” patterns

e No Cutoff corresponds to “Matrix Inversion”. The RMS Orbitex Correction is Zero !

\

)
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(== Design and Performance of the Global Fast Orbit Feedback atite SLS SIS
FOFB - T&S - Path Length Correction

‘a) central design orbit
{closed orbit for p=po)

closed orbit

closed orbxt .
for p=po ib) for p=po
_ ap o Ny <
D122 - L et
e *o Po
closed orbit for p>p,
%?Speg porb:t central design orbit -I 8
° =closed orbit for p=p, Xpls}=Dis)- 5

e In a homogeneous magnetic field (a) the radius of the Closbd ®proportional to the Energy
p (shown arep < pg, p = po undp < pg). The Orbit gets shorter or longer (“Path Length”

changeA L/ Lg)

e In the case of “strong focussing” (b) the Orbit Deviation @edtions is given by
xo(s) = D(s)Ap/po with Ap = p — pg, D(s) denotes the DispersiodN L /Lo = a.Ap/po

with the momentum compaction factar. = 1/Lg fOLO D(s)/p(s)ds (= 6-107%)
e p variations due to “Path Length” (thermal or modelling et®achanges have to be corrected
by means of the RF Frequengywith Af/f = —a.Ap/po and NOT by the Orbit Correctors !
— Fit Ap/po part of the Orbit using SVD on a 1 column response matrix aoimg dispersion

\ valuesD;y @ the BPMs and change the RF frequency- f to correct forAp/pg ! /
NSLS-11 Stability WS
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\ NSLS-1! Stability WS

FOFB - T&S - Model for a Fast Closed Orbit Feedback

Corrector
Settings

Corrector
Fields

Beam Position
Readings

Orbit
Offsets

+ Electron

Beam Jitter

~

S

Michael Bogew
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(== Design and Performance of the Global Fast Orbit Feedback atite SLS SIS

FOFB - T&S - Calculated Corrector Transfer Functions I

e MAFIA estimated Eddy Current Effects induced by the Vacuuna@ber (3 mm Stainless Steal
(finally reduced to 2 mm)) and the Laminated Iron of the Seckesx

Horizontal Polarization Vertical Polarization
|B| B
1 — ‘ X I
’ \ w/o magnet losses —
_ Onlyvacuum¢ ©— 09 - - o
0.95 - Including lamination, d=1mm —+= ' with magnet losses
09 - \\\\ a 08 - T
+
085 | | 071 I
08 - 0.6 - ]
0.75 - - 05 il
0.7 - RN 0.4 .
0.65 | | | | | | | | | \\\ 03 | | | | | | | | |
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
flHz flHz
\ NSLS-II Stability WS j
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(== Design and Performance of the Global Fast Orbit Feedback atite SLS SIS

4 )

FOFB - T&S - Model based Orbit Noise Suppressio:'
20
10| Vertical Orbit Feedback Loop HEEI
0~ | Sample Rate: 4 KSamples/sec. _ fow poir;'t'@i 1000z
20 dB Bandwidth: 90 Hz I I
-10 - SNSRI A AN S 3 R R SO SN
dB 20 - R O
300 - .. attenuation factor 10@90Hz/ S
40 e AR D 4 I R
00 e -/ 1 | | o
%0, 10 R [ [ 1000
Frequency/Hz
e 4 KHz Sampling Rate needed in order to have a g#&20 dB @ 90 Hz

\ NSLS-II Stability WS . . /
Michael Bogem 23
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60

FOFB - T&S - PS Resolution & RMS Orbit Distortion I

TRACY estimated Residual Vertical RMS Orbit after Orbit @mtion as seen by the BPMs
(histograms for 200 seeds introducing RMS girder misalignnof 1.:m):

55
50 |
45 |
40 |
35}
30 |
25 F
20 |
15 |
10 |

S

\ NSLS-I} Stability WS

RMS Girde;r Error: O.O(TI)lmm | é§ EEE — -

|

| I

1 Yrms lumil 2 3 4

e 1 ppm in amplitude corresponds to a resolution of @t a maximum Current of 7 A
(=~ 860 urad in the vertical plane)

e 60 ppMm yrms = 0.75um, 30 ppMm yrms = 0.5um, 1 Yrms = 0.25um
— 15 ppm & 10 nrad or 10Q:A) sufficient

\
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(== Design and Performance of the Global Fast Orbit Feedback atite SLS SIS

4 )

FOFB - T&S - PS Resolution and RMS Position/Angle @ IDj

RMS Position @ tsertion Bevices withG, ~ 1.4m,5, ~ 0.9m (z/yrms= 0.5um for ):
):
,,,,,,,,,,,,,,
00 5e-08 ‘ 17‘037 = 1 } ‘L”‘ ‘07’1 7777777 25‘—07 3e-07 00 5 —}08 :l‘—07: 1.5e-07 2107 i T
\ NSLS-II Stability WS /
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(F=1) Design and Performance of the Global Fast Orbit Feedback atite SLS SIS)
FOFB - Subsystems - Digital BPM Systeﬂ

Power Level [dBm]
-80 -70 -60 -50 -40 -30 -20 -10 0

= [ f T Only One BPM System
0@ Dl . . . .
Eo T S LN . In Different Operation
: L chen-hyeturh modk | Mode for All Machines
g:) I \i\i ::'.::‘."'.' %y e’ e u.o'o ]
‘\ ® ] P [
0.01} ‘\wii SR ‘\:\TU - by—Tu .
; e o i |1 MSample/s, <2@@ Ir
S~ ’\EA:\::“\.L,_J-R_I“ j1p%e | Closed Orbit
feedback mode \‘::\AA\“A\ . A\‘ AA‘::A\ 4 Ksample/S, <Oa m
L . ——— ,._‘ ~300 nm <100 Hz
0.1 1 10 100 100C

Beam Current [mA]

timing | PS . PS
signal |CTRL CTRL

P 1 ... 6
timing fiber optic links to adjacent \ Lo ; .
— - . signal sectors (40 MB/s o i ; [fiber optic
Tu rn by TU rn . EiszpS . :clors ( L"), g ; links
u
Vital for HJ} | | ‘ EPICS | o
- - - | . |
V RF E Dlgl‘:ﬂl ‘ m— serial PS (TCP/IP)
Commissioni ng v O (] D DSPI| Lf‘ DSP2ISRaM| | et | ioc b
Vo, I_ "y Converter ||/ Interface
I lw&g&l}gkp) orts ;; WS2126 I I
VME Bus

Closed Orbit Mode —> Fast Orbit Feedback

\ NSLS-II Stability WS . . /
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SSE

-

\ NSLS-I} Stability WS

‘ FOFB - Subsystems - POMj

\

-
Deformation of SLS Storage Ring

FEA-simulations indicate:
chamber moves ~2um/K @ BPM blocks

VYacuum Chamber due to -
Thermal Loads e - i

' BPM blocks

FEA-simulations indicate movements of
up to 2 pm/°K in the transverse plane

at the positions of the BPM blocks Y,

Measure BPM/Quadrupole offsets with

0.5 L m resolution in x and y
0.1 U m resolution @ short straights

6 BPMs per sector (+BPMin 5L/ FEMTO)

| ——

’rPO MS System \

+ Dial gauges sense transverse movements of BPM block in reference
to adjacent quadrupole magnets.

* Linear encoders of type Renishaw RGH24Z50A00A with 0.5 |[Im resolution
are used as sensing devices.

* Complete integration into EPICS control system through
\_ serial SSI-interface and 32 channel VME-SSI card. /

i ™

Dial gauges equipped
with linear encoders

as sensing devices attached
to quadrupole magnets

girder alignment rail )

BPMs rigidly attached to girder88fM supportmounted orgirder alignment ra)l

e BPM supportsserve as supports for the vacuum systemBPM chambe)

e Initially planned to be used within tHeOFBloop (NOT necessary-Top-Up)

Michael Bogem 27
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-

FOFB - Subsystems - Digital Power Supplie'

One Digital Control Unit for ~600 power supplies of the SL

Precision of the AD converter card

ADC Resolution: @ 50 samples/s (1V offset, 2ppm (20uV) steps)
T 1 T 1 T 1 T T

Long- term stability
(1000h) better than 30ppm

Reproducibility better than
30ppm I

hv4

ADC Long term stability: 1000h

= : . . : ;
£ 5 5 5 : 5 : 5 _
e "’n;
e : T P ' £
il W -------- 100
= : : ¥ . I : : f o -
5 : . | by 5 g
E 8_"""": """""""""" E’ """" E""'"":'""""j‘d"wn"""“l """" = %
2 : : : : : ; >
| e TR RN g ST R, R 80 5
8 3 : ; - i w .
o | : H H H o
i L 0 2
AL 3 ; : : d S
= J_JJL*"WF e LIRS (P PR | =
] : ; g : ] 2
1 ] F H =

EDWMQWQ .=
£ : : : !

2 I I L i i i I I an

0 20 40 B0 a0 100 120 140 180 18

Time [min] 4.5008 |

« Resolution upto 1ppm

+« Short- term stability (<60s)
better than 10ppm

Short/Long-term: <10/30 pplﬁ%%%-@;_ N

W0 400 SO0 BOO 00 800 @O0 1000
Time [h]

\

\ NSLS-II Stability WS . .
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-

‘ FOFB - Partitioning of Inverse Response Matrix.

e 12sectors

e 6(7) BPMsand 6(7)Horizontal\Vertical Correctors pesector(+1 BPM/Correctors set FEMTO)
\ NSLS-1I Stability WS

\

)

Michael Bogem
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(== Design and Performance of the Global Fast Orbit Feedback atite SLS SIS

FOFB - Schematic Viev_v'

“‘. . -. Sy . - .
s, Fast Link 40Mb/s
4 slow Link
1Mb/s |:Z| \
O Q.
¢ E /B/ l:i.*
z

Slow Link ¥
2 i
Response Matrix A
) theoretlcal
s measured

[A-LE submatrices of A -1

=< = SVD Engine

© = Signal Processors
e DedicatedSignal ProcessoqgerformMatrix Multiplications in parallel !

\ NSLS-II Stability WS . . /
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SLS™

-

BPM
pickups

FOFB - Hardware Layout I

DBPM System

fiber optic links to adjacent

sectors (40 MB/sec)

PS

CTRL

\ NSLS-I} Stability WS

timing
signal
Il o

7| RF » Digital

>

.| Front »| Down

‘ol End [lI" y)Converter |||

I

SHARC link ports
(40 MB/sec)

VME Bus

I

PS
CTRL

0

i i ffiber optic

\\ / / links
EPICS TAN
PS (TCP/IP)
CTRL | | IOC 4=
Interface

\
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Design and Performance of the Global Fast Orbit Feedback atite SLS SIS

\
SOFB/FOFB - System Integration'
%pemor Console -

—————————— )/—— ———‘—\Event@O.SHz—————————
3
CDEV BPM CORBA S % o
Server Server ever - % <
L=z
___________________________________ 05
Event @ 3Hz
TRACY < Feedback / _.
-+
Server Poll Client Y/ —
FB Log
. -+
| | Client

VME/DSP
Level

LowLevel
BPMs —— — Correctors BPM Hardware
FOFB Fast Orbit Feedback

e Development within £lient-Servei(Common Object Request Brok€EORBA) environment
e Hard Correction (“Matrix Inversion” on the Model based Resge Matrix using SVD)

e SOFB: BPM Datasets @ 3 Hz, average over 3 successive Datasets £ Hz correction rate
(toggle between x/y plane>=2 s for full cycle). Corrects orbit tec5 um beforeFOFB launch.

NSLS-I1 Stability WS
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SLS™

NSLS-I1 Stability WS

SOFB/FOFB - Operator Interface (Tcl/Tk) “oco Client”

. oco(Mode=Rl,co; Server-sishd3; Domain-sisac.psi.ch) I [=1E3

Files Dptions Tools Help

Orbit Correction (Mode: RIft, Meth: ma) EnergmeDm—BE—l]]l with 8 deq deflection): 2427.8 Mev
+ Correct # Start Feedback .- Stop Feedback -, Undo Gorrect

—
K ro -niqr TN o, :k.. S -—,?N\';...;.. D R —
'
H

ref_orbit.0503311712 03/31/05_17:12:53

| Correct * Start Feedback * Stop Feedback oo s Reference Orbit
08/04705_17: and BEM Reference Offscts < 0.100 v at Gain 0.160

08/0405 17: Notice: ¥D6 X-BPM Feedback Enabled for ID Gap ¢ 8.5 mm = . — . in= H
08/04705_17: and BPM Reference Dffsets < 0.100 ym at Gain 0,160 OCO(MOde RI’CO' Server SIdeB’ Domain Slsac'pSI'Ch

Notice: X10 X-BFM Feedback Disabled
Notice: Feedback Fun Mumber #1123169968
Notice: Frequency correction (dP=-2.006503e-05, dfref=6.0
Notice: Frequency correction (dP=2.095209e-05, dfref=-6.0, fref=499650034.0)
Notice: Frequency correction (dP--2.12751Be-05, dfref-6.0, fref-499650040.0)
Notice: Frequency correction (dP=-2.01234le-05, dfref=6.0, fref-499650046.0) Feedback ON Mode FOFB active
1]
1]
1]

08/04/05_17:
08/04/05_17:
08/04/05_23:
08/04/05_23:
08/05/05_00:
08/05/05_02:
08/05/05_04:
08/05/05_06:
08/05/05_08:

» fref=499650040.0)

Notice: Frequency correction (dP=-2.005204e-05. dfref=6.0. fref=499650052.0)

Notice: Frequency correction (dP=-2.03402%e-05, dfref=6.0, fref=499650058.0) \ Blinki m
Motice: Frequency correction [dP=-2.17678Be-05, dfref-6.0, fref-499650064.0) Inking :::

el

~ * Dag ON !l * Feedback ON Mode FOFB active EVENT,

File Options Find. . |

8.00 < 8.50 ym {feedback gain- 0.160)
4 17:40:30 slshd8 Bd}\nalyslsBIftFB@slshds[QSBB][26540] BdinalysisRIFB: X04 wvertical X-BPM #2 referenmce set to  33.06 wum {offset 0.00 wun) at
8.50 ym {feedback gain= 0.160)
17:40:31 slshdf BdAnalysisRTIftFBeslshdd[2589][26540]: BdAnalysisRIFB: X06 horizontal X-BPM reference set to  77.02 mwm (offset 0.00 wm) at
89 < 8.50 vm (feedback gain= 0.160)
23:36:14 slshdf BdAnalysis:RI:MASEslshdB[30632][26540]: Bdinalysis:RI:MAS AinalysisServer:908 Change of Magmet status: ARTMA-SMA 1s now OFF
23:36:31 slsbdB BdAnalysisRIftFBeslshd8[2589][26540]: BdAnalysisRIFB: Frequency correction {dP=-0.000020, dfref=6.000000, fref=499650040.000000})
23:41:23 slshdB BdAnalysisRIftFBeslshd8[2589][26540]: BdAnalysisRIFB: Frequency correction {(dP=0.000021, dfref=-6.000000, fref=499650034.000000}
146 BdAnalysis:RI :MASts]shd8[ 30632] [ 26540] : Bdinalysis:RI:MAS AnalysisServer:909 change of Magnmet status: ARTMA-SMA is mow ON
00:51:33 slshd8 BdinalysisRIftFBoslshd8[2589][26540]: BdAnalysisRIFB: Frequency correction {dP=-0.000021, dfref=6.000000, fref=499650040.000000})
02:52:30 slshd8 BdinalysisRIftFBoslshd8[2589][26540]: BdAinalysisRIFB: Frequency correction 0.000020, dfref=6.000000, fref-499650046.000000)
04:27:19 slshd8 BdAnalysisRIftFBeslshd8[2589][26540]: BdAnalysisRIFB: Frequency correction 0.000020, dfref=6.000000, fref-499650052.000000)
06:00:54 slsbd8 BdAnalysisRIftFBeslsbhd8[2589][26540]: BdAnalysisRIFB: Frequency correction 0.000020, dfref=6.000000, fref=499650058.000000)
08:12:19 slshd8 BdAnalysisRIftFBeslsbd8[2589][26540]: BdAnalysisRIFB: Frequency correction (dP=-0.000022, dfref=6.000000, fref=499650064.000000})

Tklogger(Group=slshd; Server=slshd8; Domain=slsac.psi.ch) POLL

2
e
.°°
=P
38
~

HHH I EHH

Priority Messages

s1shd8 BdAnalysis:BRinjRI:BPMiwi@slshdB[13774][26540] : BdAnalysis:BRinjRI:BPMwf CallbackFnl6l ARIDI-BPM-01LE=GET-ENABLE CDEV_RECONNECTED
s1shd8 BdAnalysis:BRin]RI:BPMiwf@slshdB[13774] [26540] : Bd}\nalysis:BR:m]RI BPMW.E callbackFnl6l ARIDI-BPM-01LD=INT-AVG CDEV_RECONNECTED
slshd8 BdAnalysis:BRinjRI:BPMuf@s]lshdB8[13774] [26540] : BdAnalysis: BPMuf CallbackFnl6l ARTDI-BEPM-01LD=X-A¥G CDEV_RECONNECTED
slshdf BdAnalysis:BRinjRI:BPMif@slshdB8[13774] [26540] : BdAnalysis: tallbackFnl6l ARTDI-BPM-01LD=Y-A¥G CDEV_RECONNECTED
slshdf BdAnalysis:BRinjRI:BPMiwf@slshdB8[13774] [26540] : BdAnalysis: GallbackFnl6l ARTDI-BPM-01LB=INT-AVG CDEV_RECONMNECTED
51shd8 BdAnalysis:BRinjRI:BPMwf@s]lshdB[13774] [265640] : BdAnalysis: GallbackFnl6l ARTDI-BPM-01LD=GET-ENABLE CDEV_RECONNECTED
51shd8 BdAnalysis:BRinjRI:BPMwifslshd8[13774] [265640] : BdAnalysis: BPMwi CallbackFnl6l ARTDI-EPM-01LBE=X-A¥G CDEV_RECONNECTED
51shd8 BdAnalysis:BRinjRI:BPMwieslshd8[13774] [265640] : BdAnalysis: GallbackFnl6l ARIDI-BPM-01LB=Y-AYG CDEV_RECONNECTED
s51shd8 BdAnalysis:BRinjRI:BPMwfRs]lshd8[13774] [26540] : BdAnalysis: CallbackFnl6l ARTDI-BPM-01LB=GET-ENABLE CDEV_RECONNECTED

Lo o e

EEEREZZEE

~ * Continue !

Michael Bogem
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4 )
SOFB/FOFB - Beam-Based Alignment & Golden Orbit

l
i

Py

sb
S

i
mb
mb
A

=38 g EBss g asae BT e fEm =g S Emr 1
0.5 mm Vertical Golden Orbit @ SLS ‘/fx”a Sile_e””g
1 E ]\
E é HH TTert ""'\|//—'\""' "":/\\/'" HEE 1R B LA e e e "A"
= BN \ \
BBA Orbit
—-0.5 mm 4S 6S 7m oL 11M
0 : phase [rad/2m] : - 8.73
1mm ‘ offset !
Golden Orbit: goes through centers of quadrupoles T
and sextupoles in order to minimize optics distortions i ﬂﬂ gl 1{] i
leading to spurious vertical dispersion and betatron L Tiﬂ i ﬂ][ I [ﬁl in ol
coupling (emittance coupling) + extra steering @ IDs ] S I e e e
. . . _1mm 5:0 . : ..J l 2;0
Beam-based alignment (BBA) techniques to find 0 " ring position [mf 288
offset BPM - adjacent quadrupole center N
alter focusing of individual quadrupoles, resulting RMS orbit change ool \é;r';[\lcal |
is proportional to initial orbit excursion at location of quadrupole. §; I Offset
5 se AN 1
BBA offset = convolution of mechanical and electronical properties of BPM Eor R AN i o
RMS offset even for well aligned machines >100 um! [ JI[ |
DC RMS corrector strength reduced when correcting to BBA orbit ! 0

\ NSLS-II Stability WS . .
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(== Design and Performance of the Global Fast Orbit Feedback atite SLS SIS
SOFB/FOFB - Transition from Slow —Fast Orbit Feedback.

8000 T T 4000 T T
FOFB Yims  * FOFB Woms  +
FOFB : Hems %
. 60 nm - 15 nrad 17 nrad : :
§ 7000 SOFB (250 ms ramped) 7 g 3500 :
20 ! ! ] Y
:‘ gﬁ + .T i 15 [~ SOFB (250 ms ramped)-——- ?(k"”—s{ ¥ d
1] . . . .
2 6000 £ BN é 3000 b d® Lt SOFB (closed orbit
15 & & i RETY 4 R : : '
= SOFB (250 ms ramped) z N = st % P & R
% 5000 : U r §¢§ SOFB (closed o:bil] N :E 2500 i R E; 0 ﬁ “ ;
& SOFB (closed orbit) 5 I - Pl E SOFB (closed orbit) £ ¥ ;
i 300 nm - "t F erorg o . Ll ‘
" 4000 o 1 Lt :‘5* * Al " 2000 80 nrad 120 nrad R EM ! y
& T g 8 Ll ‘ﬁ‘
Tg/ X i & : tiﬂ I i i
< 3000 1 . 2 1500 Eh 0 20 30 a0
g L ) 10 20 30 40 % H week number #/2003
A 1 PN\, weeknumber#/2003 & ;
S 2000 Hf-f \ ; ; B 1000 Hil-F-Fy . i
z T L SOFB (250 ms ramped) 3 SOFB (250 ms ramped)
g 1 " 750 nm E 230 nrad 410 nrad
= 1000 H-f-y & i 2 500 Y3 ;
) : {
: )""’ M
0 Iy h i L s 0 #d |
0 05 1 1.5 2 2.5 0 0.2 0.4 0.6 0.8 1
Yrms [Lm] Kyms [Wrad]

Temporal mean of the RMS orbit deviation from the BPM referesettingsc,s / yrms and the
corresponding RMS corrector strength, s / ykrms IN 2003 for three different operation modes:

horizontal vertical

mOde x’r‘ms xk’r‘ms yrms ykrms
SOFB(250) | 1.0um | 410nrad| 750 nm | 230 nrad

SOFB(co) 1.0 um 120 nrad | 300 nm | 80 nrad

FOFB 0.7 um 17 nrad 60 Nnm 15 nrad

\ NSLS-II Stability WS . . /
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-

\ NSLS-I} Stability WS

FOFB - Open & Closed Loop Transfer Functions'

hor. open loop transfer function

ver. open loop transfer function

frequency [Hz]

5 5
- measured - measured
0 A — fit 0 ——— L fit
o) o)
s 5 s 5
© ©
= =
g-100 g-100
© BW 1 =355 Hz © BW 1 =827 Hz
-15+ BW 2 =2014 Hz -15+ BW 2 = 2010 Hz
-20 0 ‘ 2 4 -20 0 ‘ 2
10 10 10 10 10 10
frequency [HZz] frequency [Hz]
10 32,5
—o 2
— -~ 0 ©
m 0 0dB i 1o T=ret 'S
o ne 0 dB point @ 100 Hz 1x
.3,_10 4 32 5
o] | @
= £
o -30 1322
= — = horizontal Y
- . ‘ - °
© -40 .- — vertical 100
'50 31 6 \ 4
0 1 2 3
10 10 10 10

\
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SLS™

-

\ NSLS-I} Stability WS

FOFB - Closed Loop Performance & X-BPM Feedbacﬂ

PSDs on tune BPM (off-loop)

Feedback on X-BPM @ U24

45 ; honzonta\ cumulated vibration spectrum g N orbit ref. Offsel 05SB —— 2
4l =~ FOFBOff | b L L 5 s E&Tgference orbit hal aiemperature — |1 275
~ 3.5} — FOFBon R ol==FOFBon }.....{ £, ges af LR L 5
N o 427 o
2 ,, TETEE T
E 25} 5 OWW SV A L P M =es 5
_ P § § 4 \\WWWW | o 26 g
g- 1.5r / g - WW ey 25.5 )
© - [ - o -2 ut .
O ;-! ......................................................... fr:guency ﬁ—(l)z] 80 100.. § |W|thOUt |IIIIng pattern feedbaCk 25
) 04/29/2004 04/29/2004 04/30/2004 04/30/2004 05/01/2004
0 A 00:00:00 12:00:00 00:00:00 12:00:00 00:00:00
0 frequency [Hz] 150 fmen
14 T T — E 4 orbit ref. offset 055B —— 2
i vertical cumulated vibration spectrum =
1ok T FOFB off S T wm FOFBoOff || | ole== © 3 | BPM rack hall air temperature 1265
— "“I| — FOFBon | i o= FOFBon| ¢ £ ,|temperature filing pattern feedback off —_ "5
N .
1 e 8 .
N; ) :! “"E E 1 2 u m Wnﬂ“ﬂu“u‘# J’mﬁwﬂwu WLW U"“nﬁlrj" [ Wﬂ HH‘JHL 7 2 d eg
E 0_8- VertICal ......... I'f ...................... i 5 . % 0 HH w
S 06k B £, /1. = T I R
(_ED._ 04 :" 5 —"Ij -g t M MM '25 ®
AF |l ...................... J- —’_——J S 2 1
@®© 02k " .................. Aﬁ ..................... 0 20 0 o e 00 E mnllng pattern feedback sis
okt - o T N
0 50 cquency (Hz] 1% 150 * time ]
horizontal vertical
FOFB off on off on 1Hz X-BPM feedback changes the reference
1-100 Hz | 0.83 um - VB, | [0.38 um - VB, | 0.40 um - VB, | 0.27 um - VB, | | of BPMs adjacent to IDs within the FOFB loop
100-150 Hz | 0.08 pum - B, |[0.17 pm - VB, | 0.06 pm - VB, [0.11 pm -\B, | | in order to stabilize the photon beam position
1-150Hz | 0.83 um - VB, | |0.41 pm - VB, | 0.41 pm - B, [0.20um B, | [ @t the X-BPMs —> cascaded feedback

\
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-

FOFB - Feed Forward & X-BPM Feedback'

feedback

110 ! ! ! ! !

PM FB off, FF off

1 X-BPM X, X-B

| _ X-BPM Y, X-BPM FB off, FF off

FF+X BPM FB off  <epm X, X-BPM FB off, FF on
X-BP.

X0B6SA-FE-BM1:X [um]

= :

6.5 7 75 8 8.5 9 95 10 105 11 115 12
X06SA-ID-GAP:READ [mm]

\ NSLS-I} Stability WS

70

ol

e The feed forward tables (here foi24) ensure a constant X-BPM reading for the desired gap
range (here 6.5-12 mm) within a femm. The remaining distortion is left to the X-BPM

XO0B6SA-FE-BM1:Y [um]

\
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4 )

‘ FOFB - Effect of Top-up Operation I

e “Top-up” operation guarantees a constant

electron beam current and thus a constant 2o ; 0
load on all accelerator components. It alsc _\ ‘ o movement e LLL

moves the current dependence of BPM r¢ ™ asum NG -
ings under the condition that the bunch pat ) - .

is kept constant Ton ] &

7>‘ ‘ top—-up @ 200 mA

120 mA

i—»| <+— decaying beam

e Horizontal mechanical offset<0.5 um res
olution) of a BPM located in an a

beam current [mA]
=
o
S]

POMSH-02SE reading [ pm]

50 -8
of the SLS storage ring with respect 1L
the adjacent quadrupole in the case ¢ T B i 10
beam accumulatigftop-up” @ 200 MA anc | o sy —— T
decaying beam operatia 2.4 GeV: PSR Uhoseue s ocovcu  Uhoson Gmem  osopl

— Accumulation and decaying beam opera-
tion: BPM movements of up to bm.

— “Top-up” operation: no BPM movement
during “top-up” operation at 200 maf- e 0.3 % current variation (350 (+1) mA) @
ter the thermal equilibrium is reached 7™~ 11h

(=1.7 h). e Injection everyx 2 min for~ 4 sec

\ NSLS-II Stability WS . . /
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-

\ NSLS-I} Stability WS

10

‘ FOFB - Top-up - X-BPM & Bunch Pattern Feedback'

e The bunch pattern feedback maintains the bunch pattern@®€hes {1 mA)) within <1 %

e The X-BPM feedbackglave stabilizes the photon beam (Example beam 68el X-BPM
~9 m from source pointl{19)) by means of changes in the reference orbit of the fast orbit
feedback haster) to ~0.5 um for frequencies up to 0.5 Hz.

e X-BPM feedbacks are operational @ the ID beam l#8$510S(1 X-BPM—angle only) and
the dipole beam line8DA,7DA (2 X-BPMs—angle & position).

5

-10 +

-15

[ ———- -

I top—:qu @ 350I+l mA

22/11/04 :
| |
|
I

U19 gap [mm]

! |
X-BPM reading [um]

il

| bunch pattern

restoration
RF-BPM reference [um] |
|

[
[
[
bunch pattern feedback OFF : ON

0

NAAANAANAAAA TN

18
Time [h]

\
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4 )

FOFB - Top-up - Thermal Equilibrium I
e Change of the vertical BPM reference within the X-BPM fearklaop for decaying beam
operation (0-4 h) and “Top-up” (Time constant for gettingl#o thermal equilibrium-=1.7 h):
380 T T T T T T T 0.005
| | current [mMA] ——
vertical reference ARIDI-BPM-03SB [mm] ————
| I S ] S T~l7h ,,,,,,,,,,,,,,,, i
S I 350 mA =
0 pHm £
340 Py Bl g i R B B e . &
time constant 1=1.h 2
< 320 B R N S S S N ] %
£ 1-0.005 3
E A e A —— SE
3 300 ‘ A T | o g
NI 0.15 um/mA ;r
250 N |8 = B 1-001 §
| | — >
260 5 . : e e e
| /f =15 um
240 | -~ N o fmAl |
0 2 4 6 8 10 12 14 16 18
time [h]
e Large &0.1um/mA) contribution originating from current dependenceligfital BPMs

NSLS-I1 Stability WS
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‘ FOFB - Long Term Stability - Annual Variations I

e Horizontal BPM/Quadrupole offsets for BPM upstreanl&24 over 14 weeks @ different
top-up currents (180, 200, 250, 300 mA) with 3 shutdowng (ft)

e Circumference change over 3 years of SLS operatien/ circumferencex 3 mm) (right plot)

400 T T T T T T T T T T T T T

3 3 3 3 3 3 3 3 | ‘ pomsy e e LS B -3
350 | L | POMSX ] Step outside temperature

| | | | | | | | | | ; + + 0_5“m a0 | A pathlength —— | 55
o0 80| 180 | l ot el
250 ,,,,,,,,,,,,,,,,,,,, : :,,

200

180 [ o e
o S e L I

0
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
Week #/2002 week #/2002-4

outside temperature [°C]
A pathlength [mm]

current [mA] and poms [1/10 mu m]

e Severe problems with the cooling capacity of the SLS dutireghtot summer 2003 (#82)! Again
“scheduled” problems in 2004 (#130) due to the cooling sysipgrade!

\ NSLS-II Stability WS . . /
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SLS™

-

FOFB - Long Term Stability - Temperature Stability I

e Fitted circumference change over 3 years of SLS operationd) circumferencex 2 mm) as a

function of the fittecbutside temperature(left plot)

e Circumference change as a function of the avetagael temperature (right plot)

-0.5 .

\
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tunnel temperature -24.65 [°C]

e Stabilization of theunnel temperature to ~ +0.1°is needed to guarantee sub-micron

movement !
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\ NSLS-I} Stability WS

\ FOFB - Outlook - Limitations I

\

BPM system operates at its limit (computing power, hardware, network)
Design age ~ 10 yrs: no spare parts, risk of failures due to aging

New system: possibilities < requirements ?

Higher resolution: 300 nm — 100 nm ?
Higher frequency: 100 Hz — 200 Hz ?

limited by vacuum chamber & magnet iron —

> Local kHz FB for IR-beamline ?

XBPM upgrade: 1 Hz — 4 KHz (new electronics) - X—BPM FOFB @ 4 kHz

5
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‘ FOFB - Outlook - Upgrades'

Vertical bump £300 urad at few Hz
Frequency spectrum < 100 Hz for FOFB |

Orbit excursion in sextupoles

= coupling increase by 0.8%o

4
Coupling Feed Forward:

© all sextupoles have additional coils to be
used as or skew quads

\

XU

%7 [mim]

0.8

U4

0.2

0.

e G
B -

0s

Vda—bump 57

4 il il ‘
e ~ = -
- o =
(] T

AR L

L U e e
A 21 B T Frict

T '
[
=

\ l r
- i
= =l
o
:;'_ . l_
= { = =i
1

152 124 156 180 162
spos [m]

4

= Get power supplies for available sextupoles SF-07M, SF-07S

= Drive local skew quadrupole ramps

= coupling increase by 0.08%. v/

Plans for integration of 48 skew quads
within the FOFB loop in order to make
user bumps "coupling transparent”

& to correct local coupling.
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